Introduction
Chinese monetary policy has received considerable attention in recent research. Chang et al. (2015) , for example, drew attention to the mix of capital controls, exchange-rate management and sterilised intervention as a constraint on the ability of monetary policy to stabilise the economy in the wake of external shocks. Making use of a calibrated DSGE model mimicking key characteristics of the Chinese macroeconomic setting, these authors conclude that greater capital account liberalisation, as well as a more flexible exchange-rate regime, based on welfare-based Ramsey rule, would have made monetary policy more effective following the global financial crisis.
Our results show that such a managed exchange-rate system, based on a Ramsey rule aimed at welfare optimisation, acts as an effective shock absorber for GDP and consumption in normal times and bad. However, in dark corner episodes, it leads to a large loss in reserves and a drop in employment. If monetary policy is guided in the more flexible and open regime by a Ramsey rule targeted at current account, the large reserve loss and employment collapse disappear during dark corner episodes.
Managed exchange rates are not unique to China. Chow et al. (2014) examined the managedexchange rate system in Singapore. They found a simple Taylor-like rule for the exchange rate outperforms a Taylor rule for the nominal interest rate, when the principle driving forces are terms-oftrade shocks, while a traditional Taylor rule does better, in terms of welfare, when the principle driving forces come from productivity shocks. Of course, unlike China, the capital account in Singapore is almost completely open, on par with the index for the United States. 1 The key question for China is which type of managed exchange-rate rule works best, in the context of partial, incomplete financial openness.
Welfare-based Ramsey rules for benchmarking monetary policy regimes came to the forefront of research with the work of [4] . In the context of a closed economy with both wage and price stickiness, these authors found that a simple Taylor rule based on wage inflation, rather than price inflation, closely matched a Ramsey rule for welfare optimisation. Since then, welfare criteria have replaced ad hoc loss functions for assessing alternative regimes or rules for monetary policy. The Chinese economy has enjoyed high growth, but it has not been exempted from experiencing dark corners. Figure 2 pictures the annualised growth rates of Industrial Production and CPI since 1998.
We see that the interval between 2008 and 2010, following the global financial crisis, was a period of severe decline in production as well as deflation. We also see broad co-movement between the growth rates of the CPI and Industrial Production.
2 Figure 3 pictures the rate of growth of M1 and M2 as well as Foreign Exchange Reserves in China since 1998. From this figure we see that, in periods of crisis, or "dark corners", M1 growth is higher than M2 growth. We see this following the Asian financial crisis in the late 90s, as well as at the time of the global financial crisis in 2008 and since 2015. In all of these periods, the growth rate of foreign exchange reserves is slowing, and lately, turns negative. However, Figure 3 shows there is a weak correlation between the growth of foreign currency reserves and the growth of monetary aggregates.
Figure 3 Annualised Growth Rates of Money and Foreign Exchange Reserves, 1998-2016
Much of the international pressure for China to move to a more flexible exchange-rate system comes from a presumption that the RMB, at least before 2005, was undervalued, relative to the US dollar.
However, as Cheung et al. (2007) pointed out, comparisons of misalignment between the United States and China, based on a range of statistical criteria, did not confirm any statistically significant degree of undervaluation. much of a difference these alternative rules make when the economy is in a prolonged crisis or malfunctions badly, and falls into a "dark corner", in the words of Blanchard (2014) .
The monetary framework of China is evolving in steady ways with different instruments coming to the fore at different times. Fernald et al. (2014) , for example, found that increases in the bank required reserve ratio were effective for inflation stabilisation. However, they also found that central bank determined changes in interest rates also played a significant role, while changes to M2 or credit conditions did not play a significant role. Moreover, Chen et al. (2017) find that the transmission of monetary policy shocks is remarkably similar to that of more advanced economies in terms of both output growth and inflation. However they also find that window guidance has a major influence on bank lending, and that monetary policy has asymmetric effects on asset prices.
Before turning to our assessment of likely monetary rules for China in the context of incomplete financial openness, we first analyse what occurred before and after 2005 in the next section. We use the connectedness approach of Diebold and Yilmaz (2013) . Originally used for measuring volatility spillovers among financial markets in Diebold and Yilmaz (2012) Table 1 gives the inward and outward connectedness measures, based on forecast error variance decomposition, for the growth of Industrial Production (IP), as well as the growth of real money (M2), foreign exchange reserves, the real effective exchange rate and the real bond rate of return. The connectedness measures come from a VAR regression, on all five variables, with a forecast horizon of two years. Following the example of Chen, Funke, Tsang. (2016), we make use of the five-variable VAR. To eliminate serial correlation, we used alternative lag specifications. We report the results for the shortest lag length, for which we obtain serial independence in the residuals. As in Chen et al.
Connectedness of Policy Targets
(2016), we made use of a generalised VAR method by varying the order of the variables in the estimation process, and averaging the results over 100 possible permutations of the system. We report the mean values for the inward and outward measures of connectedness. We put in bold the connectedness measures greater than ten percent.
We compare these measures, for the period before and after August 2005, when the exchange rate became more flexible, as shown in Figure 1 . and has strong effects on the real bond yield. Finally, for the real bond yield, the main factor of importance before 2005 is the real money supply and industrial production, while after 2005, the real exchange rate has strong effects on its variation, while in turn it has stronger effect on the real money supply.
It should not be surprising that the VAR model does not show stronger effects of M2 growth on real- 
The Model
The model is in many ways a new Keynesian open-economy model. The main departure is the imperfect substitutability of domestic and foreign bonds, due to adjustment costs for changing the proportion of domestic debt in one's portfolio. There are sticky prices in the Rotemberg (1982) framework. But, in contrast to the widely used framework of Smets and Wouters (2007) , there are no real-sector frictions in the form of habit persistence or adjustment costs on investment. In fact, there is no capital accumulation. Production is simply a function of domestic labour and an intermediate good.
The intermediate good, in turn, is a CES composite good of domestically produced and imported foreign output. Imports are solely for this purpose. There is no explicit banking sector, nor government spending or taxation.
Specification

Households and Utility
The representative household optimises an intertemporal welfare function based on consumption (Ct), real balances (Mt ⁄ Pt) and labour (Lt):
(1) subject to the following budget constraint:
The variable and parameter definitions are those used by Chang et al. (2015) , p.5. The key wedge with pure uncovered interest parity is the portfolio adjustment cost parameter Ωb. The household The first-order conditions yielding the demand for real balances (mt = Mt ⁄ Pt), the real wage, and the generalised UIP condition (with portfolio adjustment costs) have the following expressions:
The variable Λt is the Lagrange multiplier associated with equation 2
Production and Pricing
The production function for differentiated retail goods Yt(j) has the following form, based on intermediate goods and labour inputs:
The variable Zt is a labour-augmenting technology-progress variable. It grows at the constant rate λz, t = Zt ⁄ Zt−1.
In turn, intermediate goods Γt are CES composites of domestically produced and imported goods,
given by Γh, t and Γf, t: The relative price qm, t of these goods is a function of the real exchange rate, qt = etPt* ⁄ Pt:
Cost minimisation yields the equilibrium value of the real exchange rates:
The formulae for the real marginal cost and the factor-price ratio have the following form:
Optimal pricing implies the following forward-looking inflation equation:
Current Account and External Sector
The current account, cat, is the sum of the trade surplus and the net interest income from foreign assets (both those held by households and by the government):
Of course, current account balances suggest changes in the stock of aggregate foreign assets: The foreign interest rate follows an autoregressive process:
Export demand is a function of the real exchange rate and world demand, augmented by domestic productivity (for reasons of generating balanced growth):
World demand follows an autoregressive process:
There is no government spending in the model, nor taxation. The government purchases privately held foreign assets with financing either from domestic bond expansions or money creation:
Simulation and Replication
We make use of the numerical calibration in Chang et al. (2015) , p. 
Simulations of the Model
The next sub-section examines the connectedness properties of the two versions of the model. Then we examine the distributions of key variables as well as their dynamics when the economy falls into a dark corner, under the two regimes of the model. This paper makes use of the same methodology found in Lim and McNelis (2016) . They compared the distributions and the dark corner dynamics for evaluating the effectiveness of non-traditional policy rules for the central bank and the fiscal authority, relative to a base case of no-policy intervention. In this paper, we compare the closed fixed regime
with the more open managed-exchange rate regime. We also note that the statistical properties of the model come from long simulations, with T=20,000, when most of the time, the model is not too far from the stochastic mean. So it should not be surprising that few differences show up between the two regimes, given the change from a fixed, highly restricted capital account to a more flexible less-restricted capital account. The key differences show up when the economy falls into dark corners. system reduces the volatility of the real wage but has less of an effect on the distributions of the real exchange rate and the real interest rate.
Connectedness properties of the model
The overall distributions give a broad picture, based on simulations over a very large span of data.
These distributions are useful in the sense that they tell us if one regime is more risky relative to another, with risk approximated by the width of the tails at both ends of the curves. However, these distributions are time dimensionless and do not give much information about the relative magnitudes of the before and after changes in key variables during dark corner episodes, when we are on the left side of the distributions. benchmark case, when the economy is relatively closed with a fixed nominal exchange rate.
Following Mendoza (2010) , we simulated the model for T=20,000, and annualised the data. Given that there are two shocks to the economy, one from the world demand and the other from world interest rate, we isolate periods when the annual GDP growth rate is 1.96 standard deviations below its stochastic mean.
To avoid over-counting of dark corners, we pick the minimum points of GDP growth rates over periods of T = 50, and, from these, choose only the periods when the GDP growth rate is less than the critical value. After these periods are isolated, at period Ti*, we then examine the behaviour of GDP and other key variables. We do this by computing for each variable i, the values from i-5 to i+5. To further understand the relative change of the variables we normalise each of the variables at unity for period i-4. Then we see how the dark corner dynamics change under a more open, flexible exchange-rate regime. Figure 6 pictures the dark-corner dynamics of GDP, consumption, exports, the current account and labour (employment) for five years before and five years after the crisis, for the mean values of each variable normalised at unity before the crisis, at time t*=-4.
Benchmark closed-fixed rate regime
We see that there is a sharp fall in consumption and GDP, and a slight fall in labour (employment), while there is a rise in exports and in the current account. Such dynamics closely resemble those illustrated by [30] during a sudden-stop event for a closed economy. However, in this model, there is no magnification of the crisis due to the collateral constraint becoming binding, leading to Fisherian debt/deflation dynamics. In our setup, the incentive compatibility constraint is always binding.
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Figure 6 Dark Corner Dynamics: National Accounts
Closed Fixed-Exchange Rate Regime Figure 7 pictures the adjustment of the real wage, the real exchange rate and the real interest rate.
We see a sharp drop in real wage, a depreciation of real exchange rate and a rise in real interest rate (due to the fall in prices). The fall in the real wage and the real deprecation explain the increase in exports and the sharp rebound in employment following the onset of the crisis in Figure 6 . While there is austerity, the austerity is front end, the employment rate rebounds quickly with the rise in exports and the real depreciation. We see immediately that the more flexible regime acts as a shock absorber on GDP, since the fall is considerably dampened. Consumption actually rises as exports and the current account fall at the time of the crisis. Employment also falls and remains low following the onset of the crisis. Figure 11 pictures the same variables as in Figure 5 . As in Figure 10 , the solid curves show outcomes under the welfare-based Ramsey rule while the broken curves depict the external-balance target for the Ramsey rule. We see great volatility for the real wage and the real exchange rate, but little or no difference for the real interest rate.
Relying on the outcomes for overall adjustment, an external target for the Ramsey rule is less effective as a shock absorber as the welfare-based Ramsey rule. 
Optimal simple rules for the Taylor rule and the exchange rate depreciation
The obvious question that comes to mind is how well can an optimal simple rule for the exchange rate come close to a Ramsey rule? After all, it was Erceg et al. (2000) who found that an optimal Taylor rule based on wage inflation closely approximated a Ramsey welfare-based rule for the interest rate, in a closed-economy model with wage and price stickiness. Can this result carry over to an openeconomy setting? Alternatively, are there perils to the use of simple rules, even optimal simple rules?
In this specification we use the simple Taylor rule specified by Chang et al. (2015) for the flexible more-open capital account. However, rather than a Ramsey rule, the exchange rate is now a function of the current account/GDP ratio as well as employment (relative to their respective steady-state We find the optimal values for these parameters based on the minimisation of the capital account as well as employment volatility. The optimal parameters, given the specification of the model, yield γ1= − 3.118, andγ2 = -3.444. The results were robust to alternative specifications, such as firstdifference specifications for the current account as well as log first differences for employment. Figure 14 pictures the volatility measures for the national income variables under the Ramsey and the optimal simple rule. We see that the simple rule extends the right tail of the distribution for exports, the current account and employment, while increasing the lower left tail for GDP and consumption. Clearly the world was in a dark corner after the onset of the global financial crisis in 2008. Figure 18↓ shows a steady appreciation of the real exchange rate, with a sharp fall in the current-account/GDP ratio. This adjustment is consistent with a welfare-based Ramsey rule for managing the exchange rate.
Volatility measures for Ramsey and simple rules targeting external balance and employment
However, as the real exchange rate appreciated and the current-account/GDP ratio remained low, relative to historical levels, we see a switch in the real exchange rate process took place in 2016, with a mild depreciation and slight improvements in the current account. Such movements in both variables are consistent with a switch to an external-balance target for the management of the exchange rate, based on a Ramsey rule. in employment, as well as a collapse of exports and a loss in reserves. The results of these simulations indicate that incomplete liberalisation, coupled with greater exchange rate flexibility, do not bring clear-cut benefits, and lead to greater losses during periods of stagnation, when there are collapses in overall demand. Our results suggest that a switch to an exchange-rate management rule based on external balance target, rather than welfare, would be more effective in dark corner episodes, under a Ramsey rule.
Conclusion
We do not argue that these outcomes during the dark corner episodes call for a complete abandonment of the welfare target, but we call for a less rigid use of Ramsey rules in practice. The welfare target should be the norm in normal times, but should give way to external targets in dark corner, non-normal times.
Our results also show the perils of a simple, even optimally simple rule, targeting external balance and employment, for the exchange rate. Such hard and fast rules do get the job done, but at a high cost in terms of consumption compression.
Of course, knowing when the economy is about to fall into a dark corner, and adopting appropriate models for the implementation of Ramsey rules, often at short notice, is as much an art as well as a science. As Niehans (1978) once noted, central bankers are first and foremost "doers and politicians", or as Mark (2009) would say, "learners", facing new problems and pressures each day. In this setting, strategic ambiguity, rather than a fixed commitment to one simple rule or another, may better serve the wider range of objectives for monetary policy.
